Introduction
The thermal conductivity and CTE of the Cu-SiC p composites can be engineered to match those of semiconductors, ceramics substrates and optical fibers [1, 2] . However, the bonding between the copper matrix and the SiC p reinforcement is very weak due to the passive nature of the silicon carbide particles (SiC p ) [3] . For that reason, the thermal properties of the Cu-SiC p composites fabricated via the conventional PM technique are lower than those predicted by the rule of mixture (ROM) theory. In order to strengthen the bonding between the two constituents, the SiC p were copper-coated via electroless coating process. The presence of the pre-coated copper layer on the SiC p was expected to improve the bonding between the copper matrix and the SiC p reinforcement. Then the powders were mixed, compacted and sintered via the conventional PM methodology. The density, porosity and CTE of the Cu-Coated Cu-SiC p composite were compared to the non-Coated Cu-SiC p composites in order to evaluate the significance of the electroless copper coating process.
Methodology
The constituents of the composites were dendritic copper powder and angular shaped SiC p . The SiCp were electroless coated in the electroless bath containing 20g copper (II) sulphate pentahydrate and 66.6g ethylenediaminetetraacetic acid (EDTA). 22ml of Formaldehyde solution was used as a reducing agent. The additives are 120mg potassium hexacyaneferrate (II) and 40mg 2,2'-dipyridyl which functioned as stabilizers and inhibitors respectively. The electroless coating process was performed at 75 o C and pH 12-13 under vigorous stirring and aeration. Once the coating process was completed, the Cu-Coated SiC p were thoroughly rinsed with hot water. Then, the CuCoated SiC p were heated in the furnace at 600 o C for 4 hours in an argon atmosphere to strengthen the copper layer. Next, the Cu-Coated SiC p were mixed with copper powder at different volume fractions. Afterward, the powders were uniaxial compacted under 50kN of load, followed by sintering in a tube furnace at 950 o C for 2 hours in an argon atmosphere. Then, the bulk density ( ) of the composites was measured by using the Shimadzu BX 4200H electronic balance. In this measurement, Archimedes' law was applied to measure the bulk density of the composites as relative to water. The apparent porosity ( ) of the composites was calculated by using Eq. 1 [4, 5] .
where ρ o is the theoretical density of the Cu-SiC p composites as calculated by using the rule of mixture (ROM). The CTE measurements were performed in the Linseis L75HX1600 horizontal dilatometer from 25 o C to 200 o C in an argon atmosphere. The coefficient of linear thermal expansion (CTE), ∝ of the composites is given by Eq. 2.
where is original length and ∆ is the change in length over a temperature interval ∆ . Then, the averages CTE were plotted against the volume fraction of the SiC p . Fig. 1 shows the SEM images of the SiC p after the electroless copper coating process. The SiC p were found homogeneously coated by the copper layer as shown in Fig. 1(a) . The copper layer was evenly deposited on the SiC p surfaces irrespective of the shapes and sizes of the SiC p . As shown in Fig. 1(b) the copper deposit was continuously deposited on the smooth and rough surfaces of the SiC p . Fig. 1 : The surface morphology of electroless copper deposit on SiC p . The presence of potassium hexacyaneferrate (II) in the plating bath promotes defects free electroless copper surface [6] . Nevertheless, the surface roughness of the electroless copper layer was high due to the accelerating effect of 2,2'-dipyridyl on the copper deposition [7, 8] . The bulk density ( ) of the Cu-SiC p composites are illustrated in Fig. 2 . Based on the measured data, the bulk density of the Cu-Coated and non-Coated Cu-SiC p composites decreased significantly with The apparent porosity of the composites increased with the increase in the volume fraction of SiC p as shown in Fig. 3 . However, the porosity of the Cu-Coated Cu-SiC p composites remained lower than those of the non-Coated Cu-SiC p composites. The difference in the porosity was significant when the volume fraction of SiC p was high. The relationship between the CTE and the porosity of the composites is illustrated in Fig. 4 . The CTE of the Cu-Coated Cu-SiC p composites was found lower than the non-Coated Cu-SiC p composites. Furthermore, the CTE of both composites showed a decreasing trend as the porosity increases. The discrepancy of the CTE in the non-Coated Cu-SiC p composites was contributed by the weak bonding between the copper matrix and SiC p reinforcement [4, 5] . Fig. 5(b) , submicron gaps were observed between the copper matrix and the SiC p reinforcement of the non-Coated Cu-SiC p composites. The presence of the submicron gaps allowed the copper matrix to expand when temperature was increased. Where else, in the coated composites, the expansion of the copper matrix was retarded by the well bonded SiC p [4] . 
Results and Discussions

Conclusions
The presence of the Cu-Coated layer on the SiC p improved the green strength of the composites thus allowed a high volume fraction of SiC p to be incorporated into the copper matrix. A good bonding between the copper matrix and the SiC p reinforcement which exists in the Cu-Coated CuSiC p composites is reflected by the superior bulk density and apparent porosity values. The CTE values of the Cu-Coated Cu-SiC p composites were significantly lower than those of the non-Coated Cu-SiC p composites. In the non-Coated Cu-SiC p composites, submicron gaps were observed between the copper matrix and the SiC p reinforcement. This was found to be the reason behind the higher CTE values of the non-Coated Cu-SiC p composites as compared to Cu-Coated Cu-SiC p composites.
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